ABSTRACT. The D4 dopamine receptor (D4DR) polymorphic region, which is possibly related to the personality trait known as novelty seeking in humans, was examined in 34 dogs from two breeds (Golden retriever and the Japanese indigenous breed, Shiba) by the polymerase chain reaction (PCR), and the DNA sequences of each allele were determined. The polymorphic region of the dog D4DR gene was composed of 39-and 12-base pair (bp) units, and four alleles (A-D) were identified based on the number and/or order of these units. Intra-and inter-breed allele variations were observed. The frequency of the short A allele was dominant (78.9%) in the Golden retriever, while the long D allele was most common (46.7%) in the Shiba. These findings suggested that the allele frequency varied significantly between different breeds, and that analysis of the polymorphism in D4DR might be of use for understanding the behavioral traits of dogs.-KEY WORDS: breed, canine, D4 dopamine receptor, polymorphism, repetitive sequence.
personality tests for novelty seeking than did those with shorter repeats.
In recent years, companion animals have become very important within human society. In particular, dogs play an essential role as guide animals, and in some cases for animal assisted therapy. Thus, if the D4DR gene is polymorphic and modulates the behavioral traits of dogs, screening of the D4DR gene may be useful in selecting dogs by aptitude for the above purposes. In the present study, we focused on the polymorphism of the dog D4DR gene. Golden retrievers and Shibas were examined because they are relevant breeds in Japan, and their behavioral traits were quite different [6, 7, 16] . We report the allelic variations and DNA sequences of the dog D4DR gene as observed in the Golden retriever and the Shiba.
MATERIALS AND METHODS
Peripheral blood samples were obtained by venipuncture from the saphena of 34 individuals of two dog breeds (19 from Golden retrievers, 15 from Shibas). The samples were collected at the Veterinary Medical Teaching Hospital, Gifu University, and the International Pet Culture Association (IPC), Okazaki. Shiba is the common name of a Japanese indigenous small-sized dog breed. Although three varieties, the Shinshu-Shiba (Nagano Prefecture), Mino-Shiba (Gifu and Nagano Prefectures) and San'in-Shiba (Tottori and Shimane Prefectures), have been established [17] , the particular source(s) of our Shiba samples were unknown.
Genomic DNA was extracted by the phenol-chloroform method or with a QIAamp Blood Kit (QIAGEN, U.S.A.). The D4DR exon III polymorphic region was amplified by the PCR [13] . One hundred ng of the DNA was used in 20
The dog (Canis familiaris) has the longest history among domestic animals and has a close association with humans. More than 400 breeds have so far been established through breeding for various purposes, e.g., family dogs, working dogs for watching, herding, and hunting, etc. Purebred dogs are significantly different from each other, not only in their morphology but also in their behavioral traits [6, 7] . This suggests that some behavioral traits are under genetic control. Although considerable progress has been made in dog genetics [1, 3, 11] , the detailed genetic background of the behavioral traits remains to be characterized.
In the synapses, chemical transmitting substances are released from the nerve endings and the transmission of stimuli is mediated by such substances interacting with the receptors expressed on adjacent neurons. The receptors for the above neurotransmitters are distributed in specific areas of the brain and are expressed in neural cells with effects upon various neurological and psychological functions. Genetic polymorphism has been reported in several genes encoding the above cell surface receptors. The polymorphism in some of these proteins has been found to be related to human personality. For example, human D4DR includes 2-10 tandem repeats of 16 amino acids in the third cytoplasmic loop. Benjamin et al. [2] and Ebstein et al. [4] reported that tandem repeat polymorphism in the D4 dopamine receptor is related to the human personality trait of novelty seeking. Individuals with long repeats (6 or more) in the D4DR gene revealed higher scores in µl PCR solution containing 0.5 µM of forward D4F (5'-TTCTTCCTACCCTGCCCGCTCATG-3') and reverse D4R (5'-GACCACCACCGGCAGGACCCTCAT-3') primers, 250 µM of dATP, dCTP and dTTP, 125 µM of dGTP, 125 µM of 7-deaza-dGTP (Boehringer-Mannheim, Germany), 5% dimethyl sulfoxide, 20 mM Tris-HCl (pH 8.8), 10 mM KCl, 2 mM MgSO 4 , 0.1% triton X-100, 2 µg BSA, and 2 U Pfu Turbo DNA Polymerase (STRATAGENE, U.S.A.). D4F and D4R primer sequences were synthesized based on the human D4DR 4-repeat allele and the sequences employed correspond to the nucleotide positions of 3020 to 3043 and 3452 to 3475, respectively [13] . After initial incubation at 98°C for 2 min, PCR amplification was performed for 35 cycles composed of denaturation at 98°C for 30 sec, annealing at 65°C for 1 min, and extension at 74°C for 1 min. This was followed by a final extension at 74°C for 10 min. The PCR products were first separated by electrophoresis on 2.5% agarose gel. They were then extracted from the gel and directly sequenced by the dye termination method employing a 377 DNA Sequencer (Perkin-Elmer, U.S.A.). To avoid nonspecific amplification, dog specific reverse primer, D4dogR (5'-CCGCGGGGGC TCTGCAGGGTCG-3'), was synthesized on the basis of the common region of dog sequences. A combination of D4F and D4dogR primers was used for the subsequent PCR. To facilitate the identification of genotypes of the same length, D4dogBR (5'-TGGGCTGGGGGTGCCGTCC-3') was designed and employed in combination with the D4F primer. A homology search of the sequence of the PCR product was carried out with registered sequences in GENBANK using the BLAST software [9, 10] . Figure 1 illustrates the results of the PCR amplification of genomic DNA in dogs. Three different sizes were observed on electrophoresis. Sequence analysis of these PCR products revealed that the dog sequences were most closely related to the D4DR sequence of humans [19] , rats [14] and mice [5] among the registered sequences in GENBANK. Table 1 lists the percentages of homology among the dog, human and rat sequences. The sequences corresponding to the 5' upstream and the 3' downstream of human D4DR tandem repeats were comparably conserved among the dog, human and rat indicating that the dog sequences amplified by the PCR are derived from the D4DR gene. The sequences corresponding to human tandem repeats showed a relatively lower homology among the three species.
RESULTS
A comparison of the nucleotide sequences between the human 5-repeat allele and the allele observed in the Golden retriever (which we named the A allele) is given in Fig. 2 . Although the human polymorphic region involves tandem repeats with a 48-bp unit, such a repeat structure was not identified in the corresponding region of dogs. The repetitive region of the dog sequence started at 24 bp upstream compared with that of the human sequence. Figure 3 shows the alignment of the repetitive region of 4 alleles found in dogs. The repetitive region of the dog sequence was composed of three types of units with different lengths of 39, 27, and 12 bp. The sequences of 27-and 12-bp units were similar to those of the first and latter parts of the 39-bp unit, respectively. The number and order of these three units produced the observed allelic variation. The repetitive region of the shortest A allele was thus constructed with five 39-bp units, one 27-bp unit and one 12-bp unit. An additional 12-bp unit was inserted in the B and C alleles, although the insertion occurred at different positions. The longest D allele was constructed with seven 39-bp units, one 27-bp unit and four 12-bp units. Sequence comparisons revealed two unique substitutions in both the A and B alleles. In all alleles, no termination codon was found in the nucleotide sequences.
To identify the B and C alleles, which could not be distinguished by electrophoresis, the new reverse PCR primer, D4dogBR, was designed on the basis of nucleotide substitution at the 26th position in the first unit (G in allele B and C in allele C). Figure 4 illustrates the identification of the B and C alleles by PCR amplification. The combination of D4F and D4dogBR primers amplified the PCR products with 168 bp in B and 180 bp in C. This primer set was thus available to identify the B and C alleles. The estimated genotypes of the individuals examined are listed in Table 2 . In the Golden retriever, two alleles, A and B, were observed and the A allele was the most common (78.9%). On the other hand, the Shiba had three alleles (B, C and D), and the C (40.0%) and D alleles (46.7%) were dominant. The observed heterozygosities in the Golden retriever and Shiba were 31.6% and 60.0%, respectively. The actual number of alleles between the two breeds was significantly different based on a test of homogeneity (χ 2 =57.198, df=3, P<0.001).
DISCUSSION

Estimation of the repetitive region in the dog D4DR gene:
The observed homology among the dog, human and rat sequences strongly suggested that the dog D4DR gene corresponding to the polymorphic region of the human D4DR gene could be amplified by the present PCR assay. In most primate species, polymorphism of the D4DR gene in terms of the repeat numbers of the 48-bp unit has been reported [8, 12] . The repetitive region is absent in the mouse [5] and rat [14] sequences. The present study demonstrates that polymorphism of the D4DR gene exists in dogs. The polymorphic region was composed of 39-and 12-bp units, and the repeat structure of the dog D4DR gene was considerably different from those of primates. 
Evolutionary perspective of the repetitive region in the dog:
In primates, the first and last units have relatively conserved sequences across species, indicating that various numbers of repeats might be produced by duplication of the internal repeat units [12] . Similarly, in dogs, the sequences of the first 39-bp unit and the last three units were the same except for two nucleotide substitutions in the B allele. However, a more complicated mechanism compared with primates appears to be included, since two units with different lengths (39 and 12 bp) were involved in the polymorphic region of the dog D4DR gene. The sequence from the 6th to 9th unit of the D allele is identical to those from the 2nd to 5th unit of the C and D alleles, and a duplication or deletion event of this sequence is therefore probably associated with the divergence of the C and D alleles. The C and D alleles were dominant in the Shiba. The history of establishment of this breed started from the 1930's and is shorter than that of retrievers [15] . One Korean wolf (Canis lupus chanco) obtained from an individual kept at Kyoto Municipal Zoo had C/C genotype with the same nucleotide sequence as C allele of the Shiba (data not shown). These observations suggest that the Shiba may have a closer relation with the Korean wolf than Golden retriever. Although it has been estimated by comparing mitochondrial DNA sequences that wolves represented the ancestors of dogs [20] , dog breeds could not be differentiated as a distinct cluster on the phylogenetic tree [18] . Additional samples from wolves are needed to make a precise estimation of the relationships among wolves and dog breeds based on D4DR alleles.
Allele A was observed only in the Golden retriever, whereas the B allele was shared by the Golden retriever and Shiba. All Golden retrievers except one had at least one A allele. This high frequency of the A allele in the Golden retriever may reflect the fact that this breed has been propagated from a small number of founders.
Relation between breed-specific characters and genetic differences: The allele frequencies of dog D4DR were significantly different in the Golden retriever and Shiba. The short A allele was dominant in the Golden retriever, while the long D allele was the most common in the Shiba. These two breeds are quite different in their behavioral traits. Hart et al. [6, 7] ranked 56 dog breeds on the basis of 13 behavioral traits: excitability, general activity, snapping at children, expressive barking, affection demand, territorial defense, watchdog barking, aggression to dogs, dominance over owner, obedience training, housebreaking ease, destructiveness, and playfulness. Tanabe et al. [16] added two behavioral traits: adaptability to new owners and friendliness to extra family members. The Golden retriever is shown to be suitable as a family dog by these criteria because of its high estimates for trainability and playfulness, and low estimates for aggression and territorial defense. On the other hand, Japanese indigenous breeds including the Shiba are suitable as watch dogs because of their low estimates for the former traits and high estimates for the latter traits. In humans, a significant relationship between the long allele (6 repeats or more) of the D4DR gene and a high score on personality tests for novelty seeking has been reported [2, 4] . There is a possibility that allelic variation may be related to the above behavioral traits in the dog.
The Shiba has long C and D alleles at high frequency. D4DR is distributed mainly in the limbic system and is expressed in neural cells having an effect upon cognitive and emotional behaviors [19] . Therefore, allelic variation of D4DR gene may be related to dog behavioral traits such as excitability and aggression. However, the repeat structure of the D4DR polymorphic region differed between humans and dogs, and further research is clearly needed to elucidate the detailed relationships between D4DR polymorphism and the behavioral traits of dogs.
In Japan, most guide-dogs are Labrador retrievers or Golden retrievers. As a result of selection, these breeds might have acquired a high trainability, which is an invaluable characteristic for guide-dogs. The percentage of successfully passing the aptitude test for guide-dogs is about 30% among trained dogs, and there are insufficient guidedogs to satisfy the demand. Analysis of the genes affecting mental activity may be useful in selecting dogs for such practical use. 
